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COMPOUNDS FOR TREATMENT OF CELL
PROLIFERATIVE DISEASES

This application is a continuation of U.S. application Ser.
No. 13/350,637, filed Jan. 13, 2012, which is a divisional of
U.S. application Ser. No. 12/824,901, filed Jun. 28, 2010, now
U.S. Pat. No. 8,119,827, which is a continuation of U.S.
application Ser. No. 11/010,834, filed Dec. 13, 2004, now
U.S. Pat. No. 7,745,468, which claims the benefit of U.S.
Provisional Application No. 60/528,877, filed Dec. 11, 2003.
The entire text of each of the above referenced disclosures is
specifically incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the treatment of
cell proliferative diseases such as cancer. More particularly, it
concerns tyrphostin and tyrphostin-like compounds useful
for the treatment of cell proliferative diseases such as cancer,
methods of synthesis of these compounds, and methods of
treatment employing these compounds.

2. Description of Related Art

AG490 is a kinase inhibitor that inhibits Jak2/Stat3 signal-
ing. Targeted inhibition of the Jak/Stat pathway with AG490
inhibits tumor cell growth and increases sensitivity to apop-
totic stimuli; thus, inhibitors of this pathway likely represent
potential therapeutics for cancer therapy (Catlett-Falcone et
al., 1999; Alas and Bonavida, 2003; Burdelya et al., 2002).
Because IL.-6 promotes survival and proliferation of certain
cancerous cell lines through the phosphorylation of STAT3
(Bharti et al., Verma et al., Kerr et al.), kinase inhibitors
similar to AG490 have potential as anti-cancer drugs.

AG490 is structurally classified as a tyrphostin. U.S. Pat.
No. 6,596,828B2 and U.S. patent application 2003/0013748
describe compounds that have structural similarity with
AG490.

Unfortunately, AG490 has limited activity in animal stud-
ies and must be used at high concentrations (~50 to 100 pM)
to achieve inhibition of Jak2/Stat3 signaling and anti-tumor
effects, and this low potency of AG490 is insufficient to
warrant clinical investigation of this compound for the treat-
ment of cancer (Burdelya et al., 2002; Meydan et al., 1996;
Constantin et al., 1998). Thus a need exists for therapeutics
that exhibit strong anti-proliferative effects through a similar
mechanism at lower therapeutic concentrations.

SUMMARY OF THE INVENTION

The present invention overcomes limitations in the art by
providing compounds that display improved pharmacologi-
cal profiles (e.g., increased potency) when compared with
AG490; these compounds block IL.-6 mediated Stat3 activa-
tion at low concentrations (~1 pM) and rapidly suppress
expression of the c-myc proto-oncogene, which is frequently
overexpressed, rearranged, or mutated in many malignancies
(Hallek et al., 1998; Selvanayagam et al., 1988; Jernberg-
Wiklund et al., 1992; Kuehl et al., 1997). Additionally, com-
pounds of the present invention also induce apoptosis in
c-myc overexpressing tumor cells that parallels their c-myc
downregulatory activity. The present invention involves com-
pounds that have utility as antitumor and/or chemotherapeu-
tic drugs, methods of synthesizing these compounds, and
methods of using these compounds to treat patients with
cancet.

One aspect of the present invention relates to a compound
comprising the chemical formula:
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R4

wherein R, is selected from the group consisting of R, and
R,—7Z,—;and

wherein 7, is alkyl; and

wherein R, is chosen from the group consisting of:

ot

A e
Sl

where X, X, X5, and X, are each independently selected
from the group consisting of hydrogen, halogen, alkyl,
alkoxy, OH, trihalomethyl, and NO,;

where Y, is selected from the group consisting of halogen
and O,N; and

R, is selected from the group consisting of alkyl, alkenyl,
alkynyl, alkoxy, alkylaryl, halogen, hydrogen, OH, NO,,
thioether, amine, SH, and NH,;

R; is selected from the group consisting of:

>< b

Xy

X3

o s

(CHZ)m
Rs Z3
}iN/ }iN/ “
H H
wherein Z; is alkyl; and

wherein m,=1, 2, 3, or 4; and
where R, is chosen from the group consisting of: CN,
substituted amine, CH,S-alkyl, alkyl, and CH,N;;
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where R and R are each independently chosen from the
group consisting of:

N

OGN GRN @)

monosaccharide, monosaccharide derivative, polysaccha-
ride, polysaccharide derivative, aryl, and alkylaryl;

>

where Z is selected from the group consisting of NH, S, and
O, and

where X and X, are each independently chosen from the
group consisting of hydrogen and lower alkyl.

In certain embodiments of the present invention, R, is CN.
In certain embodiments, R; may be chosen from the group
consisting of:

CACAISA

X
X, X, N
(@) O
X4 X5 X4
X; X; and
X
1O
X2 Xy
X3

In more specific embodiments, R, is:

X, N
X5 X4
X3

In certain embodiments, X, is a halogen such as Br.

R5 may be chosen from the group consisting of an alkylaryl
having the structure:
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Rio
Ry Ro
Xs X
(CHa)7 Rg
Ry and
an aryl having the structure:
Ryg
Ry Ro
Rg
Ry

wherein m=0, 1, 2, 3, 4, 5, 6, or 7 and

where X and X, are each independently chosen from the
group consisting of hydrogen and alkyl, and

where R, Rg, Ry, R}, and R, are each independently
selected from the group consisting of hydrogen, halogen,
alkyl, alkoxy, OH, trihalomethyl, and NO,.

In more specific embodiments R; is an alkylaryl. X, X,
X5, and X, may be hydrogen. Z, may be a lower alkyl, and the
lower alkyl may be —(CH,),,,;—, wherein M3=0, 1, 2, 3, or
4.

7, may be a lower alkyl, and the lower alkyl may be
—(CH,),,,s— wherein M4=0, 1, 2,3, 0r4.Y, may be O,N or
a halogen, such as Cl or Br.

In certain embodiments, Ry is selected from the group
consisting of:

R, may be hydrogen. Y, may be selected from the group
consisting of O,N and a halogen, such as Br or Cl.

Certain embodiments of the present invention relate to a
compound having the formula:
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6
Certain embodiments of the present invention relate to a
o CH, compound having the formula:
Br N,
A N NTo 5
0 CH;
Z CN - z
x N7 ®
H
Certain embodiments of the present invention relate to a 10 N
compound having the formula: O:N

OH

(@]
Br N N 15 Certain embodiments of the present invention relate to a
S N .
H
P CN .

compound having the formula

Foaans

Certain embodiments of the present invention relate to a
compound having the formula

20
Certain embodiments of the present invention relate to a
compound having the formula

oo

Certain embodiments of the present invention relate to a
compound having the formula:

oo
" @
B N\ AN /(@

F
Certain embodiments of the present invention relate to a
compound having the formula:
Certain embodiments of the present invention relate to a 45
compound having the formula:

(0] CH3
Q N,
50 S N g ®)
\ N .
H P CN
CN :
O,N

3 Certain embodiments of the present invention relate to a
Certain embodiments of the present invention relate to a compound having the formula
compound having the formula

0 CH; 60

OO oD
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Certain embodiments of the present invention relate to a
compound having the formula:

Tz

Cl

NO,

Another aspect of the present invention concerns a method
of'treating a cell proliferative disease comprising administer-
ing a therapeutically relevant amount of a first compound of
the present invention to a subject. The subject may be a
mammal, and the mammal may be a human. The first com-
pound may be comprised in a pharmaceutically acceptable
excipient, diluent, or vehicle. The cell proliferative disease
may be cancer. The cancer may be melanoma, non-small cell
lung, small cell lung, lung, hepatocarcinoma, retinoblastoma,
astrocytoma, glioblastoma, leukemia, blood, brain, skin, eye,
tongue, gum, neuroblastoma, head, neck, breast, pancreatic,
renal, bone, testicular, ovarian, mesothelioma, cervical, gas-
trointestinal, lymphoma, colon, or bladder.

The cell proliferative disease may be rheumatiod arthritis,
inflammatory bowel disease, osteoarthritis, leiomyomas,
adenomas, lipomas, hemangiomas, fibromas, vascular occlu-
sion, restenosis, artherosclerosis, a pre-neoplastic lesion, car-
cinoma in situ, oral hariy leukoplakia, or psoriasis.

In certain embodiments, stat3 activation is reduced in a cell
of the subject. c-myc expression may be reduced in a cell of
the subject. The first compound may be administered in com-
bination with a therapeutically relevant amount of a second
compound. The second compound may be an anti-cancer
compound. The first compound may be administered in com-
bination with a surgery, a radiation therapy, or a gene therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specifica-
tion and are included to further demonstrate certain aspects of
the present invention. The invention may be better understood
by reference to one or more of these drawings in combination
with the detailed description of specific embodiments pre-
sented herein.

FIG. 1: Inhibition of MM colony formation by compounds
AG490, AG1801 and AG 2019. AG1801 (12 pM) and AG
2019 (12 uM) completely inhibited MM colony formation
while AG490 (25 uM) was less effective at higher concentra-
tions.

FIGS. 2A-C: Inhibition of growth and survival of MM cell
lines. FIG. 2A, Dose response relationships for compounds in
MM-1 MM cells. The MM cells were incubated with the
indicated concentration of AG or WP compound for 72 hours
before cell growth and survival were estimated by MTT
assay. Compounds AG1801, AG490, and WP1034 were
effective in reducing the growth and survival of MM1 cells.
FIG. 2B, Dose response relationships for compounds in OCI
MM cells. Compounds AG1801, AG490, and WP1034 were
effective in reducing the growth and survival of the OCI cells.
FIG. 2C, Dose response relationships for compounds in U266
MM cells. Compounds AG1801, AG490, and WP1034 were
effective in reducing the growth and survival of the U266
cells.
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FIGS. 3A-C: Effects of AG and WP compounds on MM
cell growth/survival. To determine the effect of AG and WP
compounds on MM cell growth/survival, MM cells were
incubated with the indicated concentration of AG or WP for
72 hours before cell growth and survival were estimated by
MTT assay. Clear increases in the potency of AG1801,
WP1034, and WP1050 can be observed compared to AG490.
FIG. 3A, AG1801, WP1034, and WP1050 inhibited the
growth and survival of MMI1 cells and demonstrated
increased potency compared to AG490. FIG. 3B, AG1801,
WP1034, and WP1050 inhibited the growth and survival of
OCI cells and demonstrated increased potency compared to
AG490. FIG. 3C, AG1801, WP1034, and WP1050 inhibited
the growth and survival of U266 cells and demonstrated
increased potency compared to AG490.

FIG. 4: Structures of WP1015 and WP1066 are shown.

FIG. 5: Effect of WP1066 on multiple cancer cell lines.
WP1066 was effective in reducing cell proliferation in mul-
tiple cell lines, demonstrating a potent anti-cancer effect.

FIG. 6: Structures of WP1066, WP1130, and WP1129 are
shown. IC,, values for these compounds against MM-1
myeloma tumors are shown. This figure illustrates the
improved activity of these compounds.

FIG. 7: Improved c-myc/Stat3 inhibition with WP1066,
WP1130, and WP1129. The compounds were compared with
regard to their Stat3/c-myc inhibitory activity in MM-1 cells.
Strong inhibition of c-myc/Stat3 was observed for WP1066,
WP1130, and WP1129.

FIG. 8: WP1066 decreases tumor size in vivo. The results
of'animal studies of human A375 melanoma tumors growing
in nude mice, treated with WP1066 after tumors reached a
palpable size, are shown. Animals received 40 mgkg
WP1066 every other day (QID) for atotal of 8 injections. The
experiment was stopped on day 21 when the control group
reached maximum tumor burden. These results indicate that
WP1066 reduces tumor volume in vivo.

FIG. 9: The structures of WP1119, WP1026, and WP1127
are shown. Examples of the kinds of monosaccharides (e.g.,
galactose) and monosaccharide derivatives (e.g., an acety-
lated monosaccharide such as acetylated galactose, 1,2,3,4-
diisopropylideno-D-galactose) that can be incorporated into
the structures of compounds of the present invention are
exemplified by the structures of WP1119, WP1026, and
WP1127.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Previous studies have demonstrated that cytokine path-
ways that activate transcription factors (e.g., NF-kB, Stat 3)
are unregulated or activated by genetic lesions or autocrine/
paracrine mechanisms in multiple tumor types (Hallek et al.,
1998; Hideshima et al., 2002). These pathways contribute to
the tumorigenicity and progression of cancer. In the present
invention, several compounds were synthesized, and in vitro
screening revealed that these compounds can completely
block IL-6 mediated Stat3 activation at low concentrations
(~1 uM). In addition, these compounds rapidly suppressed
expression of the c-myc proto-oncogene, which is frequently
overexpressed, rearranged or mutated in many malignancies
(Hallek et al., 1998; Selvanayagam et al., 1988; Jernberg-
Wiklund et al., 1992; Kuehl et al., 1997). Structure and activ-
ity relationships are described in the present invention for
tyrphostin and tryphostin-like compounds. As compared to
AG490, these compounds are 20 to 50-fold more active in
inhibiting Jak2/Stat3 signaling in IL.-6 treated cells and pos-
ses rapid c-myc downregulatory activity. These compounds
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can also induce apoptosis of c-myc overexpressing tumor
cells at concentrations that parallel their c-myc downregula-
tory activity. The present invention discloses compounds that
inactivate genes and signaling pathways important for tumor
cell survival and progression, and these compounds may be
used alone or in combination with other agents for the treat-
ment of cancer.

1. Chemical Definitions

Following long-standing patent law convention, the words
“a” and “an”, when used in the specification including the
claims, denotes one or more.

An “alkyl” group refers to a saturated aliphatic hydrocar-
bon, including straight-chain, branched chain, and cyclic
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons.
More preferably, it is a lower alkyl of from 1 to 7 carbons,
more preferably 1 to 4 carbons. The alkyl group may be
substituted or unsubstituted. When substituted, the substi-
tuted group(s) is preferably hydroxyl, cyano, alkoxy, —O,
—S, NO,, N(CHj;),, amino, or SH.

An “alkenyl” group refers to an unsaturated hydrocarbon
group containing at least one carbon-carbon double bond,
including straight-chain, branched-chain, and cyclic groups.
Preferably, the alkenyl group has 1 to 12 carbons. More
perferably it is a lower alkenyl of from 1 to 7 carbons, more
preferably 1 to 4 carbons. The alkenyl group may be substi-
tuted or unsubstituted. When substituted, the substituted
group(s) is preferably hydroxyl, cyano, alkoxy, —O, —S,
NO,, N(CH,),, halogen, amino, or SH.

An “alkynyl” group refers to an unsaturated hydrocarbon
group containing at least one carbon-carbon triple bond,
including straight-chain, branched chain, and cyclic groups.
Preferably, the alkynyl group has 1 to 12 carbons. More
perferably it is a lower alkynyl of from 1 to 7 carbons, more
preferably 1 to 4 carbons. The alkynyl group may be substi-
tuted or unsubstituted. When substituted, the substituted
group(s) is preferably hydroxyl, cyano, alkoxy, —O, —S,
NO,, N(CHj;),, amino, or SH.

An “alkoxy” group refers to an “—O-alkyl” group, where
“alkyl” is defined above.

An “aryl” group refers to an aromatic group which has at
least one ring having a conjugated pi electron system, and
includes carbocyclic aryl, heterocyclic aryl, and biaryl
groups, all of which may be optionally substituted. Preferra-
bly, the aryl is a substituted or unsubstituted phenyl or
pyridyl. Preferred aryl substituent(s) are halogen, trihalom-
ethyl, hydroxyl, SH, OH, NO,, amine, thioether, cyano,
alkoxy, alkyl, and amino groups.

An “alkylaryl” group refers to an alkyl (as described
above), covalently joined to an aryl group (as described
above). Preferably, the alkyl is a lower alkyl.

“Carbocyclic aryl” groups are groups wherein the ring
atoms on the aromatic ring are all carbon atoms. The carbon
atoms are optionally substituted with preferred groups as
described for aryl groups above.

“Heterocyclic aryl” groups are groups having from 1 to 3
heteroatoms as ring atoms in the aromatic ring and the
remainder of the ring atoms are carbon atoms. Siutable het-
eroatoms include oxygen, sulfur, and nitrogen, and include
furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl pyrrolo,
pyrimidyl, pyrazinyl, imidazoyl, and the like, all optionally
substituted.

An “amide” refers to a—C(O)—NH—R, where R is either
alkyl, aryl, alkylaryl, or hydrogen.

A “thioamide” refers to a —C(S)—NH—R, where R is
either alkyl, aryl, alkylaryl, or hydrogen.

An “ester” refers to a —C(O)—OR', where R' is either
alkyl, aryl, or alkylaryl.
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An “amine” refers to a —N(R")R™, where R" and R™ is
each independently either hydrogen, alkyl, aryl, or alkylaryl,
provided that R" and R are not both hydrogen.

A “thioether” refers to —S—R, where R is either alkyl,
aryl, or alkylaryl.

A “sulfony]” refers to —S(0),—R, where R is aryl, C(CN)
—C-aryl, CH,—CN, alkylaryl, NH-alkyl, NH-alkylaryl, or
NH-aryl.

II. Tyrphostin and Tyrphostin-Like Compounds

The present invention provides tyrphostin and tyrphostin-
like compounds for the treatment of cell proliferative diseases
such as cancer. Compounds of the present invention include
compounds comprising the chemical formula:

R, 0

A
Ry

Rg R;

wherein R, is selected from the group consisting of R, and
R,—Z,—;and

wherein Z, is alkyl; and

wherein R, is chosen from the group consisting of:

Xy
X, N X,
O NO
X; X4 X,
X3 X3
Xy
S (0]
NO
F F
X5 X4
X3
X
X5
N
Y Xy
X3

where X, X, X5, and X, are each independently selected
from the group consisting of hydrogen, halogen, alkyl,
alkoxy, OH, trihalomethyl, and NO,;

where Y is selected from the group consisting of halogen
and O,N; and

R, is selected from the group consisting of alkyl, alkenyl,
alkynyl, alkoxy, alkylaryl, halogen, hydrogen, OH, NO,,
thioether, amine, SH, and NH,;
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R, is selected from the group consisting of:

wherein Z; is alkyl; and

wherein m =1, 2, 3, or 4; and

where R, is chosen from the group consisting of: CN,
substituted amine, CH,S-alkyl, alkyl, and CH,N;;

where R and R are each independently chosen from the
group consisting of:

monosaccharide (e.g., glucose, fructose, galactose, etc.),
polysaccharide, monosaccharide derivative (e.g., an acety-
lated monosaccharide such as acetylated galactose, 1,2,3,4-
diisopropylideno-D-galactose) substituted and unsubstituted
aryl, and substituted and unsubstituted alkylaryl;

where Z is selected from the group consisting of NH, S, and
O, and

where X and X, are each independently chosen from the
group consisting of hydrogen and lower alkyl.

In certain embodiments of the present invention, R, is CN.
In certain embodiments, R, may be chosen from the group
consisting of:

CACAISA

X
X, X, N
and
NQ Q
X4 X5 X4
X3 X3
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-continued
X
@
X3 X4
X3

In more specific embodiments, R, is:

X4

In certain embodiments, X, is a halogen such as Br.

R5 may be chosen from the group consisting of an alkylaryl
having the structure:

Rio
Ry Ro
X; X and
(CHy)z Rg
R,
an aryl having the structure:
Ryg
Rp Ro
Rg
R;

wherein m=0, 1, 2, 3, 4, 5, 6, or 7 and

where X and X are each independently chosen from the
group consisting of hydrogen and alkyl, and

where R, Rg, Rg, R, and R, are each independently
selected from the group consisting of hydrogen, halogen,
alkyl, alkoxy, OH, trihalomethyl, and NO,.

In more specific embodiments R; is an alkylaryl. X, X,
X5, and X, may be hydrogen. Z, may be a lower alkyl, and the
lower alkyl may be —(CH,),,,s—, wherein M3=0, 1, 2, 3, or
4.

7, may be a lower alkyl, and the lower alkyl may be
—(CH,),,4—> wherein M4=0, 1,2, 3, 0r4.Y, may be O,N or
a halogen, such as Cl or Br.

In certain embodiments, Ry is selected from the group
consisting of:
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Yo\
Y%

R, may be hydrogen. Y, may be selected from the group
consisting of O,N and a halogen, such as Br or Cl.

Certain embodiments of the present invention relate to a
compound having the formula:

0 CH;
B N.
' > X N7
H
/ CN ]

Certain embodiments of the present invention relate to a
compound having the formula:

[0}
Br. N\ \ N
H
/ N .

Certain embodiments of the present invention relate to a
compound having the formula:

0
B N (E)
' > X N
H
= CN

Certain embodiments of the present invention relate to a
compound having the formula:

(¢]
B N. &
1 NG \ O
| H
F CN
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Certain embodiments of the present invention relate to a
compound having the formula:

0
A N
i
CN
0N '

Certain embodiments of the present invention relate to a
compound having the formula:

0:N

Certain embodiments of the present invention relate to a
compound having the formula:

OH

Certain embodiments of the present invention relate to a
compound having the formula:

0 CH;
N N
H
CN
O,N :

Certain embodiments of the present invention relate to a
compound having the formula:

0 CH;
AN NT®
H
CN
O,N :
OH
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Certain embodiments of the present invention relate to a
compound having the formula:

o CH;
N
X X )
i
= CN _

Certain embodiments of the present invention relate to a
compound having the formula:

0
TR N
H
/ CN
N .

Certain embodiments of the present invention relate to a
compound having the formula:

0
\ N
i1
CN
cl :
NO,

1I1. Cell Proliferative Diseases

The term “cell proliferative diseases” refers to disorders
resulting from abnormally increased and/or uncontrolled
growth of cell(s) in a multicellular organism that results in
harm (e.g., discomfort or decreased life expectancy) to the
multicellular organism. Cell proliferative diseases can occur
in animals or humans. Cancer is an example of a cell prolif-
erative disease, and certain embodiments of the present
invention are directed towards the treatment of cancer.

In certain embodiments, compounds and methods of the
present invention may be used to treat a wide variety of
cancerous states including, for example, melanoma, non-
small cell lung, small cell lung, lung, hepatocarcinoma, ret-
inoblastoma, astrocytoma, glioblastoma, leukemia, blood,
brain, skin, eye, tongue, gum, neuroblastoma, head, neck,
breast, pancreatic, renal, bone, testicular, ovarian, mesothe-
lioma, cervical, gastrointestinal, lymphoma, colon, and/or
bladder. The cancer may comprise a tumor made of cancer
cells. These cancerous states may include cells that are can-
cerous, pre-cancerous, and/or malignant.

It is also anticipated that compounds of the present inven-
tion may also be used to treat cell proliferative diseases other
than cancer. Other cell proliferative diseases that may be
treated in certain embodiments of the present invention
include, for example, rheumatiod arthritis, inflammatory
bowel disease, osteoarthritis, leiomyomas, adenomas, lipo-
mas, hemangiomas, fibromas, vascular occlusion, restenosis,
artherosclerosis, pre-neoplastic lesions (e.g., adenomatous
hyperplasia, prostatic intraepithelial neoplasia), carcinoma in
situ, oral hariy leukoplakia and/or psoriasis.

Additionally, compounds of the present invention may be
used to treat diseases other than hyperproliferative diseases.
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For example, certain tyrphostins may be useful for the treat-
ment of hypertrophy and ischemia (U.S. Pat. No. 6,433,018)
as well as hepatitis B infection (U.S. Pat. No. 6,420,338).
Thus compounds of the present invention may also be useful
for the treatment of other diseases including hypertrophy,
ischemia, and a viral infection (e.g., hepatitis B infection).
IV. Pharmaceutical Compositions

The anti-tumor compounds of this invention can be admin-
istered to kill certain cells involved in a cell proliferative
disease, such as tumor cells, by any method that allows con-
tact of the active ingredient with the agent’s site of action in
the tumor. They can be administered by any conventional
methods available for use in conjunction with pharmaceuti-
cals, either as individual therapeutically active ingredients or
in a combination of therapeutically active ingredients. They
can be administered alone but are generally administered with
apharmaceutically acceptable carrier selected on the basis of
the chosen route of administration and standard pharmaceu-
tical practice.

Aqueous compositions of the present invention will have
an effective amount of the compounds to kill or slow the
growth of cancer cells. Such compositions will generally be
dissolved or dispersed in a pharmaceutically acceptable car-
rier or aqueous medium.

The terms “AG compounds™ and “WP compounds” refer to
specific examples of the present invention. For example com-
pound WP1015 is an example of a WP compound, and
AG1801 is an example of an AG compound.

The phrases “pharmaceutically or pharmacologically
acceptable” refer to molecular entities and compositions that
do not produce an adverse, allergic or other untoward reaction
when administered to an animal, or human, as appropriate. As
used herein, “pharmaceutically acceptable carrier” includes
any and all solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying
agents and the like. The use of such media and agents for
pharmaceutical active substances is well known in the art.
Except insofar as any conventional media or agent is incom-
patible with the active ingredients, its use in the therapeutic
compositions is contemplated. Supplementary active ingre-
dients, such as other anti-cancer agents, can also be incorpo-
rated into the compositions.

In addition to the compounds formulated for parenteral
administration, such as intravenous or intramuscular injec-
tion, other pharmaceutically acceptable forms include, e.g.,
tablets or other solids for oral administration; time release
capsules; and any other form currently used, including
cremes, lotions, mouthwashes, inhalants, lipid carriers, lipo-
somes and the like.

A. Parenteral Administration

The active compounds will often be formulated for
parenteral administration, e.g., formulated for injection via
the intravenous, intramuscular, subcutaneous, or even intra-
peritoneal routes. The preparation of an aqueous composition
that contains an anthracycline of the present invention as an
active ingredient will be known to those of skill in the art in
light of the present disclosure. Typically, such compositions
can be prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for using to prepare solu-
tions or suspensions upon the addition of a liquid prior to
injection can also be prepared; and the preparations can also
be emulsified.

Solutions of the active compounds as free base or pharma-
cologically acceptable salts can be prepared in water suitably
mixed with a surfactant, such as hydroxypropylcellulose.
Dispersions can also be prepared in glycerol, liquid polyeth-
ylene glycols, and mixtures thereof and in oils. Under ordi-
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nary conditions of storage and use, these preparations contain
a preservative to prevent the growth of microorganisms.

In some forms, it will be desirable to formulate the com-
pounds in salt form, generally to improve the solubility and
bioavailability and to provide an active drug form more
readily assimilated. As used herein, the term “pharmaceuti-
cally acceptable salt” refers to compounds which are formed
from acidifying a substituted anthracycline solution with suit-
able physiologically tolerated acids. Suitable physiologically
tolerated acids are organic and inorganic acids, such as hydro-
chloric acid, sulfuric acid, phosphoric acid, acetic acid, citric
acid, oxalic acid, malonic acid, salicylic acid, maleic acid,
methane sulfonic acid, isothionic acid, lactic acid, gluconic
acid, glucuronic acid, amidosulfuric acid, benzoic acid, tar-
taric acid and pamoaic acid. Typically, such salt forms of the
active compound will be provided or mixed prior to use.

The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions; formulations
including sesame oil, peanut oil or aqueous propylene glycol;
and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersions. In all cases the form
must be sterile and must be fluid to the extent that easy
syringability exists. It must be stable under the conditions of
manufacture and storage and must be preserved against the
contaminating action of microorganisms, such as bacteria and
fungi.

The active compounds may be formulated into a composi-
tion in a neutral or salt form. Pharmaceutically acceptable
salts, include the acid addition salts and which are formed
with inorganic acids such as, for example, hydrochloric or
phosphoric acids, or such organic acids as acetic, oxalic,
tartaric, mandelic, and the like.

The compounds of the present invention may also be for-
mulated into a composition comprising liposomes or any
other lipid carrier. Liposomes include: multivesicular lipo-
somes, multilamellar liposomes, and unilamellar liposomes.

The carrier can also be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and vegetable oils.
The proper fluidity can be maintained, for example, by the use
of a coating, such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use
of surfactants. The prevention of the action of microorgan-
isms can be brought about by various antibacterial ad anti-
fungal agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for example, sugars or
sodium chloride. Prolonged absorption of the injectable com-
positions can be brought about by the use in the compositions
of agents delaying absorption, for example, aluminum
monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating
the active compounds in the required amount in the appropri-
ate solvent with various of the other ingredients enumerated
above, as required, followed by filtered sterilization. Gener-
ally, dispersions are prepared by incorporating the various
sterilized active ingredients into a sterile vehicle which con-
tains the basic dispersion medium and the required other
ingredients from those enumerated above. In the case of ster-
ile powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum-drying and
freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a pre-
viously sterile-filtered solution thereof.

In certain cases, the therapeutic formulations of the inven-
tion could also be prepared in forms suitable for topical
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administration, such as in creams and lotions. These forms
may be used for treating skin-associated diseases, such as
various sarcomas.

Upon formulation, solutions will be administered in a man-
ner compatible with the dosage formulation and in such
amount as is therapeutically effective. The formulations are
easily administered in a variety of dosage forms, such as the
type of injectable solutions described above, with even drug
release capsules and the like being employable.

For parenteral administration in an aqueous solution, for
example, the solution should be suitably buffered if necessary
and the liquid diluent first rendered isotonic with sufficient
saline or glucose. These particular aqueous solutions are
especially suitable for intravenous, intramuscular, subcutane-
ous and intraperitoneal administration. In this connection,
sterile aqueous media which can be employed will be known
to those of skill in the art in light of the present disclosure. For
example, one dosage could be dissolved in 1 mL. of isotonic
NaCl solution and either added to 1000 mL. of hypodermocly-
sis fluid or injected at the proposed site of infusion, (see for
example, “Remington’s Pharmaceutical Sciences” 15th Edi-
tion, pages 1035-1038 and 1570-1580). Some variation in
dosage will necessarily occur depending on the condition of
the subject being treated. The person responsible for admin-
istration will, in any event, determine the appropriate dose for
the individual subject.

B. Oral Administration

In certain embodiments, active compounds may be admin-
istered orally. This is contemplated for agents which are gen-
erally resistant, or have been rendered resistant, to proteolysis
by digestive enzymes. Such compounds are contemplated to
include all those compounds, or drugs, that are available in
tablet form from the manufacturer and derivatives and ana-
logues thereof.

For oral administration, the active compounds may be
administered, for example, with an inert diluent or with an
assimilable edible carrier, or they may be enclosed in hard or
soft shell gelatin capsule, or compressed into tablets, or incor-
porated directly with the food of the diet. For oral therapeutic
administration, the active compounds may be incorporated
with excipients and used in the form of ingestible tablets,
buccal tables, troches, capsules, elixirs, suspensions, syrups,
wafers, and the like. Such compositions and preparations
should contain at least 0.1% of active compound. The per-
centage of the compositions and preparations may, of course,
be varied and may conveniently be between about 2 to about
60% of the weight of the unit. The amount of active com-
pounds in such therapeutically useful compositions is such
that a suitable dosage will be obtained.

The tablets, troches, pills, capsules and the like may also
contain the following: a binder, as gum tragacanth, acacia,
cornstarch, or gelatin; excipients, such as dicalcium phos-
phate; a disintegrating agent, such as corn starch, potato
starch, alginic acid and the like; a lubricant, such as magne-
sium stearate; and a sweetening agent, such as sucrose, lac-
tose or saccharin may be added or a flavoring agent, such as
peppermint, oil of wintergreen, or cherry flavoring. When the
dosage unit form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier. Various other
materials may be present as coatings or to otherwise modify
the physical form of the dosage unit. For instance, tablets,
pills, or capsules may be coated with shellac, sugar or both. A
syrup of elixir may contain the active compounds sucrose as
a sweetening agent methyl and propylparabens as preserva-
tives, a dye and flavoring, such as cherry or orange flavor. Of
course, any material used in preparing any dosage unit form
should be pharmaceutically pure and substantially non-toxic
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in the amounts employed. In addition, the active compounds
may be incorporated into sustained-release preparation and
formulations.

Upon formulation, the compounds will be administered in
amanner compatible with the dosage formulation and in such
amount as is therapeutically effective. The formulations are
easily administered in a variety of dosage forms, such as those
described below in specific examples.

IV. Therapies

One of the major challenges in oncology today is the effec-
tive treatment of a given tumor. Tumors are often resistant to
traditional therapies. Thus, a great deal of effort is being
directed at finding efficacious treatment of cancer. One way of
achieving this is by combining new drugs with the traditional
therapies. In the context of the present invention, it is con-
templated that therapies using the compounds could be used
in combination with surgery, chemotherapy, radiotherapy,
and/or a gene therapy.

“Effective amounts” or a “therapeutically relevant
amount” are those amounts of a compound sufficient to pro-
duce a therapeutic benefit (e.g., effective to reproducibly
inhibit decrease, reduce, inhibit or otherwise abrogate the
growth ofa cancer cell). An effective amount, in the context of
treating a subject, is sufficient to produce a therapeutic ben-
efit. The term “therapeutic benefit” as used herein refers to
anything that promotes or enhances the well-being of the
subject with respect to the medical treatment of the subject’s
cell proliferative disease. A list of nonexhaustive examples of
this includes extension of the patients life by any period of
time; decrease or delay in the neoplastic development of the
disease; decrease in hyperproliferation; reduction in tumor
growth; delay of metastases; reduction in the proliferation
rate of a cancer cell, tumor cell, or any other hyperprolifera-
tive cell; induction of apoptosis in any treated cell or in any
cell affected by a treated cell; and/or a decrease in pain to the
subject that can be attributed to the patient’s condition.

The following examples are included to demonstrate pre-
ferred embodiments ofthe invention. It should be appreciated
by those of skill in the art that the techniques disclosed in the
examples which follow represent techniques discovered by
the inventor to function well in the practice of the invention,
and thus can be considered to constitute preferred modes for
its practice. However, those of skill in the art should, in light
of'the present disclosure, appreciate that many changes can be
made in the specific embodiments which are disclosed and
still obtain a like or similar result without departing from the
spirit and scope of the invention.

EXAMPLE 1
General Method for Synthesis of Compounds

N-(Phenylalkyl)cinnamides were prepared by the follow-
ing general procedure. Benzylamine (3.0 g, 28 mmol) and
ethyl cyanoacetate (4.7 g, 42 mmol) in acetonitrile (20 mL)
was stirred and reflux for 4 hr. Benzylamine in this general
procedure can be replaced by any other substituents depicted
as R; above. The solvent was removed in vacuo to give an oil
which solidified upon standing. Precipitation (EtOAc)
resulted in 3.28 g (68%) of an off-white powder correspond-
ing to N-benzylcyanoacetamide as an intermediate. A mix-
ture of N-benzylcyanomethylamide (1.3, 7.5 mmol), 3,4-di-
hydroxybenzaldehyde (1.1 g, 8.2 mmol), and piperidine
(catalytic, 5 drops) was stirred at reflux for 3 hr. Flash chro-
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matography (EtOAc) followed by two recrystalizations
(H,O/EtOH) yielded product as a white powder 0.8 g (36%).

EXAMPLE 2
Synthesis of Compounds

Using the protocol detailed in Example 1, the following
compounds were synthesized, and data regarding the synthe-
sis of these compounds are presented below.

AG1801 was synthesized. "H-NMR (CDCl,, 500 MHz, 8):
8.49 (s, 1H, H-3),7.39 (d, 2H, J=8.7 Hz, H-3",5"), 8.12 (d, 2H,
J=7.5 Hz, H-2,6"), 7.43-7.39 (SH, H aromat. from benzyl),
6.75 (bs, 1H, NH), 4.68 (d, 2H, J=5.7 Hz, CH,,). Elemental.
Anal. Calced. For C,,H,3N;0;, Theor. C, 66.44; H, 4.26; N,
13.67. Found: C, 65.70; H, 4.27; N, 13.45. m.p. 165-166° C.

WP1002 was synthesized. "H-NMR (CDCl,, 500 MHz, §):
8.23 (s, 1H, H-3), 7.83 (d, 2H, J=8.6 Hz, H-2',6"), 7.39-7.28
(5H, H aromat. from benzyl), 6.69 (d, 2H, J=8.6 Hz, H-3'.5"),
6.58 (bs, 1H,NH), 4.62 (d, 2H, J=5.7 Hz, CH,,). 4.30 (bs, 2H,
NH,)

WP1003 was synthesized. "H-NMR (CDCl,, 500 MHz, §):
8.30 (s, 1H, H-3), 7.92 (d, 2H, J=8.7 Hz, H-2',6"), 7.71 (s, 1H,
NH), 7.66 (d, 2H, J=8.4 Hz, H-3',5"), 7.42-7.28 (5H, H aro-
mat. from benzyl), 6.70 (bs, 1H, NH), 4.62 (d, 2H, J=5.7 Hz,
CH,). 2.22 (s, 3H, CH,)

WP1004 was synthesized. "H-NMR (CDCl,, 500 MHz, §):
8.30(s, 1H, H-3),7.94 (d, 2H, J=8.7 Hz, H-2',6"), 7.68 (d, 2H,
J=8.6Hz,H-3",5"),7.51 (s, 1H,NH), 7.43-7.39 (5H, H aromat.
from benzyl), 6.67 (t, 1H, J=5.3 Hz, NH), 4.62 (d, 2H, J=5.7
Hz, CH,). 2.41 (t, 2H, J=7.4 Hz, CH,), 1.73 (m, 2H, CH,),
1.42 (m, 2H, CH,), 0.96 (t, 3H, J=7.4 Hz, CH,)

WP1005 was synthesized. "H-NMR (CDCl,, 500 MHz, §):
8.31 (s, 1H, H-3),7.94 (d, 2H, J=8.7 Hz, H-2',6"), 7.68 (d, 2H,
J=8.6Hz,H-3",5"),7.41 (s, 1H,NH), 7.40-7.28 (SH, H aromat.
from benzyl), 6.66 (t, 1H, J=5.7 Hz, NH), 5.35 (m, 2H,
CH—CH), 4.62(d, 1H,J=5.7Hz,CH,). 2.40(t,2H,J=7.4 Hz,
CH,), 1.73 (m, 4H, CH,), 1.75 (m, 2H, CH,), 1.31 (m, 22H,
CH,), 0.89 (t, 3H, J=7.0 Hz, CH,)

WP1009 was synthesized. "H-NMR (CDCl,, 400 MHz, §):
11.88 (bs, 1H, H-1"), 8.64 (t, 1H, J=5.8 Hz, NH), 8.07 (s, 1H,
H-3), 7.36-7.22 (m, 7H, H-3",5' and Haromat. from benzyl),
6.41 (bs, 1H, H-4", 4.39 (d, 2H, J=6.0 Hz, CH,). m.p. 216-
217° C.

WP1010 was synthesized. 'H-NMR (DMSO-d,, 500
MHz, 9): 10.42 (bs, 1H, NHSO,Me), 8.94 (bs, 1H, NH), 8.15
(s, 1H, H-3), 7.98 (d, 2H, J=8.5 Hz, H-2',6"), 7.43-7.39 (7H,
H-3'5" and H aromat. from benzyl), 4.43 (d, 1H, J=5.4 Hz,
CH,), 3.15 (s, 3H. Me).

WP1006 was synthesized. "H-NMR (CDCl,, 500 MHz, §):
8.35 (s, 1H, H-3), 7.98 (ddd, 2H, J=8.6 Hz, ]=5.4 Hz, J=5.1
Hz,H-2',6"),7.40-7.31 (SH, H aromat. from benzyl), 7.20 (dd,
2H, J=8.5Hz,J=11.5 Hz, H-3',5"), 6.71 (bs, 1H,NH), 4.62 (d,
2H, J=5.8 Hz, CH,). FElemental. Anal. Calcd. for
C,,H,,FN,O, Theor. C, 72.85; H, 4.67; F, 6.78; N, 9.99.
Found: C, 72.86; H, 4.65; F, 6.68; N, 9.80. m.p. 150-151° C.

WP1007 was synthesized. "H-NMR (CDCl,, 500 MHz, §):
8.33 (s, 1H, H-3), 8.00 (d, 2H, J=8.6 Hz, H-3',5"), 7.40-7.27
(5H, H aromat. from benzyl), 7.14 (dd, 2H, J=7.0 Hz, J=1.9
Hz, H-2',6"), 6.66 (bs, 1H, NH), 4.63 (d, 1H, J=5.8 Hz, CH,,).
m.p. 147-149° C.

WP1011 was synthesized. "H-NMR (CDCl,, 300 MHz, §):
8.31 (s, 1H, H-3),7.98 (d, 2H, J=8.6 Hz, H-3",5"), 7.63 (d, 2H,
J=8.5 Hz, H-2'.6"), 7.40-7.26 (SH, H aromat. from benzyl),
6.67 (bs, 1H, NH), 4.61 (d, 2H, J=5.8 Hz, CH,). m.p. 177-
178° C.
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WP1012 was synthesized. "H-NMR (DMSO-d,, 300
MHz, d): 11.58 (bs, 1H, H-1"), 8.86 (t, 1H, J=5.7 Hz, NH),
8.28 (s, 1H, H-3), 8.25 (bs, 1H, H-4", 7.83 (dd, 1H, J=8.6 Hz,
J=1.7 Hz, H-8"), 7.57 (d, 1H, J=8.7 Hz, H-7"), 7.50 (dd, 1H,
J=2.8 Hz, H-2"), 7.35-7.21 (m, SH, H aromat. from benzyl),
6.60 (bs, 1H, H-3"), 4.44 (d, 2H, J=5.7 Hz, CH,). m.p. 199-
200° C.

WP1013 was synthesized. "H-NMR (CDCl,, 400 MHz, ):
10.93 (s, 1H, OH), 8.66 (d, 1H, J=2.3 Hz, H-6), 8.31 (s, 1H,
H-7), 8.26 (dd, 1H, J=8.9 Hz, J=2.2 Hz, H-2), 7.40-7.29 (6H,
H-3 and H aromat. from benzyl), 6.66 (bs, 1H, NH), 4.61 (d,
1H, J=5.7 Hz, CH,,). m.p. 158-159° C.

WP1014 was synthesized. "H-NMR (CDCl,, 400 MHz, ):
10.56 (s, 1H, OH), 8.33 (s, 1H, H-3), 8.23 (d, 1H, J=8.8 Hz,
H-3", 7.63 (d, 2H, J=2.0 Hz, H-6"), 7.51 (dd, 1H, J=8.8 Hz,
J=2.0Hz, H-2"), 7.40-7.31 (5H, H aromat. from benzyl), 6.71
(bs, 1H, NH), 4.62 (d, 2H, J=6.0 Hz, CH,). Elemental. Anal.
Calcd. For C, H,;N;0,, Theor. C, 63.16; H, 4.05; N, 13.00.
Found: C, 62.88; H, 4.15; N, 12.80. m.p. 171-172° C.

WP1015 was synthesized. "H-NMR (CDCl,, 400 MHz, ):
8.26 (s, 1H, H-3),7.67 (dd, 1H, J=7.6 Hz, H-5"), 7.60 (dd, 1H,
J=7.4 Hz, J=1 Hz, H-4"), 7.58 (dd, 1H, J=7.7 Hz, J=1 Hz,
H-6"), 7.40-7.26 (m, SH, H, H aromat. from benzyl), 6.91 (bs,
1H, NH), 4.62 (d, 2H, J=5.8 Hz, CH,). m.p. 182-183° C.

WP1016 was synthesized. "H-NMR (CDCl,, 400 MHz, ):
8.50 (s, 1H, H-3), 8.43 (dd, 1H, J=6.8 Hz, J=2.2 Hz, H-6"),
7.81(ddd, 1H, J=8.7 Hz, I=5.2 Hz, J=2.0 Hz, H-3"), 7.40-7.31
(m, 5H, H arom. from benzyl), 6.96 (dd, 1H, J=9.7 Hz, J=8.7
Hz, H-4"), 6.68 (bs, 1H, NH), 4.62 (d, 2H, J=5.7 Hz, CH,,).
Elemental. Anal. Calcd. For C, H,,FIN,O, Theor. C, 50.27;
H, 2.98; F, 4.68; 1, 31.24; N, 6.90. Found: C, 50.68; H, 3.22;
N, 6.73; F, 4.46; 1,30.33. m.p. 138-139° C.

WP1017 was synthesized. "H-NMR (CDCl,, 400 MHz, 8):
8.50 (s, 1H, H-3), 8.43 (dd, 1H, J=6.8 Hz, J=2.2 Hz, H-6"),
7.81(ddd, 1H, J=8.7 Hz, I=5.2 Hz, J=2.0 Hz, H-3"), 7.40-7.31
(m, 5H, H arom. from benzyl), 6.96 (dd, 1H, J=9.7 Hz, J=8.7
Hz, H-4"), 6.68 (bs, 1H, NH), 4.62 (d, 2H, J=5.7 Hz, CH,,).
m.p. 183-184° C.

WP1018 was synthesized. "H-NMR (CDCl,, 400 MHz, ):
8.38 (s, 1H, H-3), 8.06 (d, 2H, J=8.6 Hz, H-2',6"), 7.93 (s, 1H,
H-2"), 7.53 (d, 2H, J=8.6 Hz, H-3',5"), 7.40-7.30 (6H, H-5"
and H aromat. from benzyl), 7.25 (d, 1H, J=4.1 Hz, H-4"),
6.77 (d, 1H, I=6.2 Hz, NH), 4.62 (d, 2H, J=5.8 Hz, CH,). m.p.
187-188° C.

WP1019 was synthesized. 'H-NMR (DMSO-d, 400 MHz,
8):9.04 (t, 1H, J=6.0 Hz, NH), 8.29 (bs, 2H, OH), 8.22 (s, 1H,
H-3), 7.94 (d, 2H, J=8.5 Hz, H-2',6"), 7.90 (d, 2H, J=8.4 Hz,
H-3',4"), 7.37-7.24 (m, 5H, H aromat. from benzyl), 4.43 (d,
2H, J=5.8 Hz, CH,)

WP1020 was synthesized. 'H-NMR (DMSO-d, 300 MHz,
8):12.87 (bs, 1H,NH), 12.45 (bs, 1H,NH), 7.82 (s, 1H, H-3),
7.49 (s, 1H, H-3"), 7.26-7.11 (m, 6H, H-5' and H arom from
benzyl), 437 (d, 2H, J=5.5 Hz, CH,). m.p. 230-231° C.

WP1021 was synthesized. "H-NMR (DMSO-d,, 400
MHz, §): 12.42 (bs, 1H, H-1"), 8.83 (dd, 1H, J=5.7 Hz, NH),
8.49, 8.47 (2 s, 1H ea, H-2',3), 8.01 (d, 1H, J=2.0 Hz, H-4"),
7.56 (d, 1H, J=8.5 Hz, H-7"), 7.33-7.32 (5H, H aromat. from
benzyl), 7.26 (dd, 1H, J=8.6 Hz, J=2.1 Hz, H-6"), 4.44 (d, 2H,
J=6.0 Hz, CH,). Elemental. Anal. Calcd. For C,,H,,CIN;O,
Theor. C, 67.96; H, 4.20; Cl1, 10.56; N, 12.51. Found: C,
68.15; H, 4.34; Cl, 10.78; N, 12.31. m.p. 229-230° C.

WP1022 was synthesized. "H-NMR (DMSO-dq, 300
MHz, d): 12.46 (bs, 1H, H"), 8.87 (dd, 1H, J=5.9 Hz, NH),
8.50 (s, 1H, H-3), 8.49 (d, 1H, J=2.6 Hz, H-2"), 8.17 (d, 1H,
J=1.7 Hz, H-4"), 7.53 (d, 1H, J=8.6 Hz, H-7"), 7.40 (dd, 1H,
J=8.5 Hz, J=2 Hz, H-6"), 7.36-7.23 (S5H, H aromat. from
benzyl), 4.43 (d, 2H, J=5.9 Hz, CH,). m.p. 224-225° C.
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WP1026 was synthesized. "H-NMR (CDCl,, 300 MHz, §):
8.30 (s, 1H, H-3), 8.01 (s, 1H, H-6", 7.89 (d, 1H, J=8.0 Hz,
H-4", 7.66 (d, 1H, J=8.1 Hz, H-2"), 7.40-7.30 (m, 6H, H-3'
and H aromat. from benzyl), 6.68 (bs, 1H, NH), 4.61 (d, 2H,
J=5.7 Hz, CH,). m.p. 150-151° C.

WP1027 was synthesized. 'H-NMR (DMSO-d, 300 MHz,
d): 8.81 (bs, 1H, OH), 8.74 (t, 1H, J=5.8 Hz, NH), 7.32-7.09
(m, 5H, H aromat. from benzyl), 6.66 (d, 1H, J=2.3 Hz, H-2"),
6.64 (d, 1H, J=8.3 Hz, H-5"), 6.50 (dd, 1H, J=8.1 Hz, J=2.1
Hz, H-6"),4.32 (dd, 1H, J=15.2 Hz, J=6.3 Hz, CH,), 4.22 (dd,
1H, J=15.2 Hz, ]=5.5Hz, CH,), 3.87 (dd, 1H, J=7.1 Hz, CH),
2.98 (dd, 1H, J=13.4 Hz, I=7.3 Hz, 3-CH,), 2.90 (dd, 1H,
J=13.4 Hz, J=8.2 Hz, 3-CH,). m.p. 131-132° C.

WP1034 was synthesized. 'H-NMR (DMSO-d,, 400
MHz, 3): 8.41 (s, 1H, H-3), 8.33 (d, 2H, J=8.8 Hz, H-3",5",
8.05 (d, 2H, J=8.7 Hz, H-2',6"), 7.41-7.26 (m, 5H, H-aromat.
from benzyl), 6.60 (d, 1H, J=7.6 Hz, NH), 5.28-5.21 (m, 1H,
CH), 1.62 (d, 3H, J=6.9 Hz, CH,). m.p. 172-173° C.

WP1035 was synthesized. 'H-NMR (DMSO-d,, 300
MHz, 8): 11.07 (s, 1H, OH), 8.90 (t, 1H, J=5.8 Hz, NH), 8.10
(s, 1H, H-3), 7.85 (dd, 1H, J=12.5 Hz, J=2.1 Hz, H-6"), 7.69
(dd, 1H, J=8.5 Hz, J=2.0 Hz, H-5"), 7.37-7.22 (m, 5H,
H-arom. from benzyl), 7.12 (d, 1H, J=8.8 Hz, H-2"),4.41 (d,
2H, J=5.9 Hz, CH,). m.p. 211-212° C.

WP1036 was synthesized. '"H-NMR (DMSO-d,, 400
MHz, §): 10.71 (bs, 1H, OH), 8.86 (t, 1H, J=6.2 Hz,NH), 8.05
(s, 1H, H-3),7.96 (d, 1H, J=1.9 Hz, H-2", 7.66 (d, 1H, J=2.0
Hz, H-6"), 7.34-7.21 (m, 5H, H arom. from benzyl), 4.40 (d,
2H, J=5.8 Hz, CH,), 3.85 (s, 3H, OMe). m.p. 206-207° C.

WP1037 was synthesized. "H-NMR (CDCl,, 500 MHz, §):
7.37-7.21 (m, 5H, H aromat. from benzyl), 7.11 (d, 1H,
J=11.4 Hz, H-3) 6.40 (bs, 1H, NH), 4.56 (d, 1H, J=5.8 Hz,
CH,), 2.10-2.03 (m, 1H, H-1"), 1.30 (ddd, 2H, J=12.8 Hz,
J=7.6Hz, J=5.0Hz, CH,), 0.98 (ddd, 2H, J=8.9 Hz, J=7.3 Hz,
J=4.6 Hz, CH,). m.p. 106-107° C.

WP1038 was synthesized. "H-NMR (CDCl,, 400 MHz, §):
10.54 (s, 1H, OH), 8.27 (s, 1H, H-3), 8.21 (d, 1H, J=8.8 Hz,
H-5", 7.60 (d, 1H, J=2.2 Hz, H-2"), 7.50 (dd, 1H, J=8.9 Hz,
J=2.0Hz, H-6"), 7.40-7.20 (5H, H aromat. from benzyl), 6.60
(d, 1H, J=6.5 Hz, NH), 5.28-5.21 (m, 1H, CH), 1.60 (d, 1H,
J=6.9 Hz, CH,). m.p. 178-179° C.

WP1040 was synthesized. 'H-NMR (DMSO-d,, 400
MHz, 8): 10.07,9.54 (2 s, 1H ea, OH), 8.62 (d, 1H, J=7.8 Hz,
NH), 7.92 (s, 1H, H-3), 7.52 (d, 1H, J=2.0 Hz, H-2"), 7.37-
7.20 (SH, H aromat. from benzyl), 7.26 (dd, 1H, J=8.3 Hz,
J=2.1 Hz, H-6"), 6.86 (d, 1H, J=8.3 Hz, H-5"), 5.06-4.99 (m,
1H, CH), 1.45 (d, 1H, J=7 Hz, CH;). m.p. 141-142° C.

WP1041 was synthesized. "H-NMR (CDCl,, 500 MHz, §):
8.20(s, 1H, H-3), 7.98 (d, 2H, I=9 Hz, H-2',6"), 7.37-7.28 (m,
5H, H-arom. from benzyl), 6.69 (d, 2H, J=9 Hz, H-3',5"), 6.54
(bs, 1H, NH), 4.59 (d, 2H, J=5.7 Hz, CH,), 3.09 (s, 6H,
CH,N). m.p. 185-186° C.

WP1042 was synthesized. "H-NMR (CDCl,, 400 MHz, §):
8.27 (s, 1H, H-3), 7.69 (d, 1H, J=2.1 Hz, H-6"), 7.44-7.26
(12H, H-2',5' and H aromat. from benzyls), 6.95 (d, 1H, J=8.4
Hz, H-3", 6.6 (t, 1H, J=5.7 Hz, NH), 5.24 (s, 2H, H-7"), 4.61
(d, 2H, J=5.7 Hz, CH,,), 3.94 (s, 3H, OMe). m.p. 132-133° C.

WP1043 was synthesized. 'H-NMR (CDCl,, 400 MHz, 8):
8.72 (d, 1H. J=1.7 Hz, H-4"), 8.55 (s, 1H, H-3), 8.15 (m, 2H,
H-5,H-2"),7.54 (ddd, 1H, J=8.2 Hz, J=1.3 Hz, H-6"), 7.46 (m,
2H, H-1'8"), 7.38-7.29 (m, 6H, H-7' and H aromat. from
benzyl), 6.66 (t, 1H, J=5.0 Hz, NH), 4.65 (d, 2H, J=5.7 Hz,
CH,), 4.40 (q, 2H, J=7.3 Hz, H-10"), 1.47 (1, 3H, H-11"). m.p.
182-183° C.

WP1044 was synthesized. 'H-NMR (CDCl,, 400 MHz, 8):
8.25 (s, 1H, H-3), 8.00 (s, 1H, H-2", 7.54 (d, 1H, J=2 Hz,
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H-5", 7.39-7.29 (SH, H aromat. from benzyl), 7.18 (d, 1H,
J=2Hz,H-4"),6.56 (bs, 1H,NH), 4.59 (d, 2H, J=5.7 Hz, CH,,).
m.p. 188-189° C.

WP1049 was synthesized. "H-NMR (DMSO-dq, 500
MHz, d): 8.75 (t, 1H, J=5.8 Hz, NH), 8.26 (dd, 2H, J=8.8 Hz,
J=1.9Hz, H-3',5"), 7.84 (dd, 2H, J=8.7 Hz, J=2.4 Hz, H-2',6"),
7.59 (d, 1H, J=15.9 Hz, H-3), 7.38-7.24 (m, 5H, H arom from
benzyl), 6.89 (d, 1H, J=15.9 Hz, H-2), 4.43 (d, 2H, J=5.9 Hz,
CH,). m.p. 193-194° C.

WP1050 was synthesized. "H-NMR (CDCl,, 400 MHz, )
8.38 (s, 1H, H-3), 8.33 (d, 2H, J=8.9 Hz, H-3',5"), 8.04 (d, 2H,
J=8.9 Hz, H-2'.6"), 7.41-7.29 (SH, H aromat. from benzyl),
6.60 (d, 1H, J=8.2 Hz, NH), 5.28-5.21 (m, 1H, CH), 1.62 (d,
3H, I=7.0 Hz, CH,). m.p. 173-174° C.

WP1051 was synthesized. "H-NMR (CDCl,, 400 MHz, ):
10.56 (bs, 1H, OH), 8.28 (s, 1H, H-3), 8.21 (d, 1H, J=8.8 Hz,
H-5", 7.61 (d, 1H, J=1.8 Hz, H-2"), 7.50 (dd, 1H, J=8.8 Hz,
J=1.8 Hz, H-6"), 7.41-7.30 (5H, H aromat. from benzyl), 6.62
(d, 1H, J=8.0 Hz, NH), 5.27-5.21 (m, 1H, CH), 1.61 (d, 3H,
J=6.9 Hz, CH,). m.p. 176-177° C.

WP1052 was synthesized. "H-NMR (CDCl,, 400 MHz, 8):
10.93 (s, 1H, OH), 8.64 (d, 1H, J=2.3 Hz, H-2"), 8.25 (s, 1H,
H-3),8.24 (dd, 1H, J=8.9 Hz, J=2.3 Hz, H-6"), 7.40-7.28 (6H,
H-5"and H aromat. from benzyl), 6.54 (d, 1H, J=6.4 Hz, NH),
5.28-5.21 (m, 1H, CH), 1.61 (d, 3H, J=6.9 Hz, CH,). m.p.
182-183° C.

WP1053 was synthesized. "H-NMR (CDCl,, 400 MHz, ):
8.34 (s, 1H, H-3), 8.57 (dd, 1H, J=2.1 Hz, H-6"), 7.50 (d, 1H,
J=7.8 Hz, H-2"), 7.40-7.30 (10H, H aromat. from benzyls),
7.16 (dd, 1H, J=7.5 Hz, J=2.4 Hz, H-3"), 6.67 (bs, 1H, NH),
5.12(s,2H,H-7",4.62 (d, 2H, J=5.7Hz, CH,). m.p. 190-191°
C.

WP1054 was synthesized. '"H-NMR (DMSO-d,, 500
MHz, §): 11.4 (s, 1H, OH), 8.89 (t, 1H, J=5.8 Hz, NH), 8.09
(s, 1H, H-3),8.05(d, 1H, J=2.2 Hz, H-2"), 7.83 (dd, 1H, J=8.7
Hz, ]=2.2 Hz, H-6"), 7.40-7.22 (SH, H aromat. from benzyl),
7.12 (d, 1H, J=8.6 Hz, H-5"), 4.41 (d, 1H, J=5.9 Hz, CH,).
m.p. 213-214° C.

WP1055 was synthesized. "H-NMR (DMSO-d,, 300
MHz, §): 9.06 (t, 1H, J=5.8 Hz, NH), 8.77 (d, 1H, J=4.6 Hz,
H-3", 8.18 (s, 1H, H-3), 7.99 (ddd, 1H, J=7.8 Hz, J=2.2 Hz,
H-5",7.85 (d, 1H, J=7.7 Hz, H-6"), 7.55 (dd, J=7.5 Hz, ]=4.9
Hz. H-4"), 7.38-7.23 (5H, H aromat. from benzyl), 4.44 (d,
1H, J=5.9 Hz, CH,,). m.p. 184-185° C.

WP1060 was synthesized. "H-NMR (CDCl,, 300 MHz, 8):
8.13 (dd, 2H, J=8.7 Hz, J=2.4 Hz, H-3',5"), 7.42 (d, 2H, J=8.7
Hz, H-2',6"), 7.37-7.17 (m, SH, H arom from benzyl), 6.78
(bs, 1H, NH), 4.69 (dd, 1H, J=7.1 Hz, J=4.5 Hz, H-2), 4.49
(dd, 1H,J=14.7 Hz, J=6.1 Hz, CH,), 4.39 (dd, 1H, J=14.7 Hz,
J=5.7Hz, CH,), 3.55 (dd, 1H, J=14.2 Hz, ]=4.5 Hz H-3), 3.46
(dd, 1H, J=14.2 Hz, J=7.1 Hz H-3). m.p. 129-130° C.

WP1063 and WP1064 were synthesized. 'H-NMR
(DMSO-dg, 300 MHz, 8): 8.23 (1, 1H, J=6.1 Hz, NH), 8.16 (d,
2H, J=8.8 Hz, H-3',5"), 7.64 (d, 2H, J=8.6 Hz, H-2',6"), 7.29-
7.18 (m, SH, Harom from benzyl), 5.68 (d, 1H, J=6.2 Hz,
OH), 5.49 (d, 1H, J=6.9 Hz, OH), 5.07 (dd, 1H, J=6.1 Hz,
J=2.9 Hz, CH), 4.31 (d, 2H, J=3.9 Hz, CH,), 4.09 (dd, 1H,
J=7.0 Hz, J=2.9 Hz, CH). m.p. 160-161° C.

WP1065 was synthesized. "H-NMR (CDCl,, 300 MHz, 8):
8.81(d, 1H, J=4.3 Hz, H-3"), 8.30 (s, 1H, H-3), 7.80 (ddd, 1H,
J=7.7 Hz, J=0.8 Hz, H-5"), 7.61 (d, 1H, J=7.7 Hz, H-6",
7.42-7.28 (m, 6H, H-4' and H aromat. from benzyl), 6.79 (d,
1H,J=6.8 Hz,NH), 5.30-5.21 (m, 1H, CH), 1.61 (d, 3H, J=6.9
Hz, CH,). m.p. 153-154° C.

WP1066 was synthesized. "H-NMR (CDCl,, 300 MHz, 8):
8.20(s, 1H, H-3),7.66 (dd, 1H, J=7.6 Hz, H-5"), 7.59-7.56 (m,
2H, H-4',6"), 7.37-7.26 (m, SH, H aromat. From benzyl), 6.80
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(d, 1H, J=7.0 Hz, NH), 5.29-5.20 (m, 1H, CH), 1.61 (d, 3H,
J=6.9 Hz, CH,). m.p. 143-144° C.

WP1067 was synthesized. 'H-NMR (CDCl,, 400 MHz, 8):
8.80 (s, 1H, H-3), 8.27 (dd, 1H, J=7.8 Hz, ]=0.6 Hz, H-3"),
7.80-7.76 (m, 2H, H-5',6"), 7.72-7.67 (m, 1H, H-4"), 7.41-7.26
(m, SH, H aromat. from benzyl), 6.69 (bs, 1H, NH), 4.62 (d,
1H, J=5.7 Hz, CH,).

WP1069 was synthesized. "H-NMR (CDCl,, 300 MHz, §):
9.09 (d, 1H, J=2.2 Hz, H-3"), 8.80 (s, 1H, H-3), 8.62 (dd, 1H,
J=8.5 Hz, J=2.3 Hz, H-5"), 7.97 (d, 1H, J=8.5 Hz, H-6",
7.42-7.31 (m, 6H, H aromat. from benzyl), 6.69 (bs, 1H, NH),
4.63 (d, 2H, CH,).

WP1076 was synthesized. "H-NMR (CDCl,, 400 MHz, §):
8.59 (s, 1H, H-3), 8.01 (d, 1H, J=9.0 Hz, H-6"), 7.39-7.31 (m,
SH, H aromat. from benzyl), 4.77 (d, 1H, J=2.7 Hz, H-3"),
6.89 (dd, 1H, J=8.9 Hz, J=2.7 Hz, H-5"), 6.58 (bs, 1H, NH),
4.60 (d, 2H, J=5.7 Hz, CH,), 3.13 (s, 6H, 2 CH,).

WP1074 was synthesized. "H-NMR (CDCl,, 400 MHz, §):
8.71 (dd, 1H, J=1.9 Hz, H-2"), 8.44 (s, 1H, H-3), 8.38 (ddd,
1H, J=8.2 Hz, J=2.1 Hz, J=0.8 Hz, H-4), 8.27 (d, 1H, J=7.8
Hz, H-6"), 7.72 (dd, J=8.0 Hz, H-5"), 7.40-7.30 (m, SH, H
aromat. from benzyl), 6.71 (bs, 1H, NH), 4.63 (d, 1H, J=5.8
Hz, CH,).

WP1073 was synthesized. 'H-NMR (DMSO-d,, 400
MHz, §): 11.44 (bs, 1H, OH), 9.07 (dd, 1H, J=5.9 Hz, NH),
8.59 (s, 1H, H-3), 8.22 (d, 1H, J=9.0 Hz, H-3"), 7.38-7.25 (m,
SH, H aromat. from benzyl), 7.12 (d, 1H, J=2.6 Hz, H-6"),
7.08 (dd, I=9.1 Hz, J=2.6 Hz, H-4"), 4.44 (d, 2H, J=5.9 Hz,
CH,).

WP1077 was synthesized. "H-NMR (CDCl,, 400 MHz, §):
8.35 (d, 1H, J=2 Hz, H-2"), 8.34 (s, 1H, H-3), 8.09 (dd, 1H,
J=8.4 Hz, J=2.4 Hz, H-6"), 7.70 (d, 1H, J=8.4 Hz, H-5",
7.40-7.26 (m, SH, H aromat. from benzyl), 6.68 (bs, 1H, NH),
4.62 (d, 2H, J=5.6 Hz, CH,).

WP1075 was synthesized. 'H-NMR (DMSO-d,, 400
MHz, 9): 9.08 (dd, 1H, J=6.1 Hz, NH), 8.98 (d, 1H, J=2.3 Hz,
H-2"),4.96 (dd, 1H, J=4.8 Hz, ]=1.6 Hz, H-4"), 8.37 (ddd, 1H,
J=8.2 Hz, J=2.0 Hz, H-6"), 8.26 (s, 1H, H-3), 7.60 (dd, 1H,
J=8.2 Hz, J=4.8 Hz, H-5"), 7.35-7.23 (m, 5H, H aromat. from
benzyl), 4.43 (d, 2H, J=6.0 Hz, CH,).

WP1119 was synthesized. "H-NMR (CDCl,, 300 MHz, §):
8.20(s, 1H, H-3),7.70-7.62 (m, 2H, H-4', H-6"), 7.59-7.56 (m,
1H, H-5"), 7.14 (m, 1H, NH), 5.54 (d, 1H, H-1", J=4.97 Hz),
4.63 (dd, 1H, H-3", J=2.23, I=7.94 Hz), 4.32 (dd, 1H, H-2",
J=2.23, J=4.97 Hz), 4.29-4.26 (m 1H, H-4"), 4.03-4.00 (m,
1H, H-5"),3.93-3.85 (m, 1H, H-6"), 3.54-3.45 (m, 1H, H-6"),
1.51(s,3HCH,"), 1.49 (s,3H,CH,;"), 1.36 (s, 3HCH,™"), 1.32
(s, 3H, CH,").

WP1126 was synthesized. "H-NMR (DMSO, 300 MHz,
d): 8.42 (m, 1H, NH), 8.10 (s, 1H, H-3), 7.97-7.88 (m, 2H,
H-4', H-6"), 7.82-7.79 (m, 1H, H-5"), 5.75-6.50 (bs, 1H, OH),
4.94 (d, 1H, H-1", I=2.66 Hz), 4.49-3.77 (m, 3H, OH), 4.02-
3.98 (m, 1H), 3.67 (m, 1H), 3.60-3.50 (m 2H), 3.40-3.36 (m,
2H, H-6").

WP1127 was synthesized. "H-NMR (CDCl,, 300 MHz, §):
8.21 (s, 1H, H-3), 7.72-7.59 (m, 3H, H-4', H-5', H-6"), 6.95-
6.91 (m, 1H,NH), 6.41 (m, 1H, H-1"), 5.48 (m, 1H), 5.37 (m,
2H), 4.34-4.29 (m, 1H, H-5"), 3.66-3.47 (m, 2H, H-6"), 2.24
(s, 3H, CH,), 2.17 (s, 3H, CH,), 2.04 (s, 3H, CH,), 2.03 (s,
3H, CH,).

EXAMPLE 3
Compounds Display Potent Anti-Cancer Effects

IL-6 stimulates Stat3 phosphorylation in multiple
myeloma (MM) and non-Hodgkin’s lymphoma (NHL) cells.



US 9,096,499 B2

25

In FIG. 1, MM cells (MM-1, 8226, 8226/S, U266) or NHL
(DBr, DB, DS, LP, LR, Mino, MS, FN, Jeko, JM) cells were
treated with IL-6 (10 ng/ml) for 10 min before cell lysates
were prepared and evaluated for Stat3 tyrosine phosphoryla-
tion by immunoblot (anti-pY705-Stat3 from Cell Signaling).
1L-6 stimulated Stat3 phosphorylation in all MM cell lines
and in 5 out of 10 NHL cell lines (specifically, in DB, DS, LP,
FN, and JM cells). It should be noted that U266 cells
expressed constitutively activated Stat3 that was further
stimulated by exogenous addition of IL-6.

To examine the effect of newly synthesized AG and WP
compounds on cytokine-mediated Stat activation, multiple
myeloma (MM-1) cells were pretreated with AG490 or
AG1801at2.5,12,and 25 uM concentrations (for 2 hr) before
stimulating cells with IL-6 or IFN-a for 10 min. Stat3 and
Stat] expression and activation were examined by immuno-
blotting. AG1801 (at 12 and 25 uM) was effective in suppress-
ing IL-6 signaling without effecting IFN-o signali ng.
AG2019 had similar activity at 12 and 25 pM. AG490 was
inactive under these conditions.

To determine whether AG1801 effects caspase activation
in MM cells, OCI-MyS5 cells were treated as described above
before cell lysates were examined for casapase activation and
PARP cleavage. At 12.5 and 25 uM, AG1801 activated both
upstream and downstream caspases (i.e., caspase 3 and
caspase 8), and AG1801 increased PARP clevage. At 12.5 and
25 uM, AG490 was ineffective in caspase activation and
PARP clevage in these cells.

To determine whether these compounds effect primary
MM colony growth bone marrow aspirates from MM patients
were partially-purified by magnetic bead separation and ana-
lyzed for immunoglobulin heavy-chain gene rearrangement
by PCR. Cells were grown as colonies in methyl-cellulose in
the presence or absence of AG compound as noted for 7 to 10
days. Control colonies were examined for Ig heavy chain
gene rearrangement to confirm the clonal nature of the popu-
lation. As shown in FIG. 1, AG1801 and AG 2019 completely
inhibited MM colony formation while AG490 was less effec-
tive at higher concentrations.
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To determine the effect of compounds on both Stat3 acti-
vation and c-myc protein expression MM-1, OCI-My5 and
U266 cells were incubated with 25 uM of AG1801, AG490,
WP1038, WP1039, WP1051, or WP1052 for 2 hours before
cells were stimulated with 2 ng/ml 1L.-6 for 10 min. Cell
lysates were prepared and immunoblotted for p-Stat3, Stat3,
c-myc and actin (as a control). Both Stat3 activation and
c-myc expression were effected by WP and AG compounds.
IL-6 stimulated Stat3 activation but did not significantly
c-myc expression.

To determine the effect of AG and WP compounds on MM
cell growth/survival, MM cells were incubated with the indi-
cated concentration of AG or WP for 72 hours before cell
growth and survival were estimated by MTT assay. As shown
in FIGS. 2A-C, compounds active in downregulating c-myc
and blocking I.-6 mediated Stat3 activation were effective in
reducing the growth and survival of MM cell lines.

To determine the temporal effects and mechanism of action
of AG490 and AG1801 action on c-myc expression in MM
cells, MM-1 cells were incubated with 0, 25, or 50 uM of
AG490 or AG1801 and harvested at 30, 60, or 120 min.
Lysates were immunoblotted for c-myc or actin as a protein
loading control. AG1801 rapidly reduced c-myc expression
in MM-1 cells at 25 and 50 uM at all measured incubation
durations. In contrast, AG490 was completely unable to affect
c-myc expression at the concentrations and incubation dura-
tions tested. Semi-quantitative PCR was used to measure
changes in c-myc mRNA extracted from cells treated for 30
min with AG1801 at 25 uM. GAPDH PCR was used as a
control. AG1801 had minimal effects on c-myc mRNA
expression when assessed by this technique.

To determine the effect of AG and WP compounds on MM
cell growth/survival MM cells were incubated with the indi-
cated concentration of AG or WP for 72 hours before cell
growth and survival were estimated by MTT assay. The
results of this study are shown in FIGS. 3A-C.

An updated table summarizing additional data for other
compounds of the present invention are included below in
Table 1. The SAR for c-myc downregulation and Stat3 inhi-
bition as well as the IC50 values for each compound are
shown below in Table 1.

TABLE 1

List of Kinase Inhibitors Tyrphostins- Biological Evaluation

IC50 IC50 IC50
HM)  (uM) (M)
V. STRUCTURE OCI MM1 U266 C-Myc (P)-Stat3
0 AG  >125 >125 >12.5 i >25 tM
490 |
AN N
H
CN
HO
OH
0 AG 120 75 9.0 | i
1801
X N
H
CN

0:N
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TABLE 1-continued

List of Kinase Inhibitors Tyrphostins- Biological Evaluation

IC50

€50 1C50
M) (M) (M)
V. STRUCTURE OCI MMI U266 C-Mye (B)-Stat3
0 WP ND 19 ND | ND
1015
Br. N.
AN x N
H
= CN
0 CH; WP 63 35 45 | ND
: 1034
N g
CN
0N
0 CH; WP >125 62 118 | |
: 1038
~ s
CN
0N

OH

0 CH; WP >125 21 50 | ND
1050
N Mo
N
0N

0 CcH, WP >125 55 111 | {
1051
N N
N
ON
on

0 CH; WP ND 30 ND ND  ND
1065
N
NN N e
- CN
o CH; WP ND 13 ND |  ND
1066
Br. N
NN N
= CN

NO, (€] WP ND >25 ND ND ND
1073
AN N
H
CN
OH

28
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TABLE 1-continued

30

List of Kinase Inhibitors Tyrphostins- Biological Evaluation

IC50 IC50 ICS0
M) M) (M)
V. STRUCTURE OCI MMI U266 C-Mye (P)-Stat3
0 WP ND >25 ND ND ND
1074
AN N
H
CN
NO,
0 WP ND >25 ND ND ND
1075
XX N
H
= CN
N
NO, o} WP ND >25 ND ND ND
1076
AN N
H
CN
\N
0 WP ND 25 ND ©ND ND
1077
AN N
H
CN
cl
NO,
SYMBOLS:

(more than) = >
(less than) =<

(not done) =ND
(inhibition = |
(no effect)y = —

Two new compounds (WP1015 and WP1066) were syn-
thesized based on previous SAR studies, as shown in the FI1G.
4. These compounds were evaluated for their signal inhibitory
and anti-proliferative/apoptotic properties on multiple
myeloma, lymphoma and chronic myelogenous leukemia
cell lines. WP1015, WP1034, AG1801, and AG490 were
tested across a range of concentrations (6,12, and 25 uM) for
their ability to inhibit c-myc expression using immunoblots.
WP1015 was more active than previously synthesized WP
compounds in inhibiting c-myc protein expression. AG490
had little or no effect on c-myc expression at concentrations
up to 50 uM. Similarly, WP1015 was more effective in inhib-
iting Stat3 phosphorylation in MM-1 cells than previous
compounds.

WP1066 was then synthesized; the additional modification
in WP1066 (compared to WP1015) resulted in improved
activity. As shown using immunoblots, WP1066 was more
active in suppressing c-myc protein expression than WP1015.
These immunoblots tested a range of concentrations (1.56-25
uM for WP compounds) and used [3-actin as a control. Cells
were also treated for 0-30 min. with the potent translation
inhibitor, cycloheximide (CHX) to determine whether
WP1066 mediates similar effects on c-myc protein expres-
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sion. CHX at much higher concentrations did not result in the
rapid reduction of c-myc as seen in WP1066 treated cells,
suggesting possible effects on both translation and/or degra-
dation of c-myc by WP1066.

Additional cell types were examined for response to treat-
ment with WP1066. As shown using immunoblots, WP1066
caused rapid downregulation of c¢-myc protein in LP non-
Hodgkin’ lymphoma cells as well as MM cells, demonstrat-
ing c-myc down-regulatory activity is not restricted to mul-
tiple myeloma cells alone. Multiple incubation periods for
WP1066 (5, 15,30, 60 min.) were tested; a strong reduction in
c-myc was observed at the shortest (5 min.) incubation
period.

Further studies were conducted to determine the dose and
time dependent effects of these new compounds on IL-6
mediated Stat3 activation, c-myc protein expression and anti-
proliferative of LP and other cell types. As shown in using
immunoblots with a range (3-25 uM of WP compounds), both
WP1066 and WP1015 blocked IL-6 mediated Stat3 activa-
tion and reduced c-myc expression in LP cells. WP1066 had
slightly better activity than WP1015, demonstrating coinci-
dent improvement of compound action on multiple cell types.

The anti-proliferative/apoptotic actions of WP1066 were
also examined on cell lines known to overexpress c-myc. As
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shown in FIG. 5, WP1066 treatment induced dose-dependent
anti-tumor eftects on multiple myeloma (MM-1), mantle cell
lymphoma (Mino) and CML (WDT-2, WDT-3, K562, K562-
R) cells lines, including those resistant to the kinase inhibitor
Imatinib mesylate (K562-R). Thus WP1066 clearly exerts a
potent inhibition of cell proliferation and/or survival in mul-
tiple cancer cell lines, and WP1066 will be used as a thera-
peutic.

All of the compositions disclosed and claimed herein can
be made and executed without undue experimentation in light
of the present disclosure. While the compositions and meth-
ods of this invention have been described in terms of preferred
embodiments, it will be apparent to those of skill in the art that
variations may be applied to the compositions and in the steps
or in the sequence of steps of the method described herein
without departing from the concept, spirit and scope of the
invention. More specifically, it will be apparent that certain
agents which are both chemically and physiologically related
may be substituted for the agents described herein while the
same or similar results would be achieved. All such similar
substitutes and modifications apparent to those skilled in the
art are deemed to be within the spirit, scope and concept of the
invention as defined by the appended claims.

EXAMPLE 4

Compounds Display Potent Anti-Cancer Effects In
Vivo

Compounds WP1129 and WP1130 were synthesized via
the method described in Example 1. The structures of
WP1129 and WP1130 are shown in FIG. 6. IC,,, values for
these compounds against MM-1 myeloma tumors are also
shown in FIG. 6, and these compounds display IC;,, values
even better than compound WP1066. The increased potency
ot WP1129 and WP1130 support the use of these compounds
to treat cell proliferative diseases such as cancer.

An improved inhibition of c-myc/Stat3 by WP1066,
WP1130, and WP1129 was observed (FIG. 7). The com-
pounds were compared with regard to their Stat3/c-myc
inhibitory activity in MM-1 cells. Strong inhibition of c-myc/
Stat3 was observed for WP1066, WP1130, and WP1129.

WP1066 was found to decrease tumor size in vivo. The
results of animal studies of human A375 melanoma tumors
growing in nude mice, treated with WP1066 after tumors
reached a palpable size, are shown in FIG. 8. The following
animal model was used to evaluate the anti-tumor and anti-
cancer effects of the compounds: on Day 0, A375 cells were
suspended to 20x106 cells/ml in RPMI 1640 medium. On day
0, 0.2 ml of this suspension containing A375 cells was
injected (s.c.) into female Swiss nude mice 6-7 weeks of age.
On Day 7, 40 mg/kg of WP1066 was injected (i.p.) into the
above mice ina 0.1 ml suspension of DMSO/PEG300 (50/50)
on a qd, every other day schedule for 8 injections. Five mice
per experimental group were used, including a vehicle
(DMSO/PEG300) control group. Animals received 40 mg/kg
WP1066 every other day (QID) for a total of 8 injections. The
control group reached maximum tumor burden at day 21, and
for this reason the experiment was stopped. WP1066 dis-
played strong anti-cancer and anti-tumor effects in vivo.
These results indicate that WP1066, and other compounds
described herein, may be used to treat hyperproliferative dis-
eases such as cancer.
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What is claimed is:
1. A compound of the formula:

X, R, 0 X
Xz
x N
H
CN
Y X4
X3
wherein:

R, is alkyl, alkoxy, halogen, hydrogen, OH, NO,, amine or
NH,

Y, is halogen or NO,;

X, X,, X5, and X, are each independently selected from
the group consisting of hydrogen, halogen, alkyl,
alkoxy, OH, trihalomethyl and NO,, provided that at
least one of X, X,, X5, and X, is selected from alkyl,
alkoxy, OH and trihalomethyl; and

X5 is hydrogen or lower alkyl,

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein R, is hydrogen.

3. The compound of claim 1, wherein Y, is nitro.

4. The compound of claim 1, wherein Y, is halogen.

5. The compound of claim 1, wherein Y, is chloro.

6. The compound of claim 1, wherein X is a lower alkyl

having from 1-4 carbon atoms.

7. The compound of claim 6, wherein X5 is methyl.

8. The compound of claim 1, further defined as:

o CHs

NT®
H
CN
O,N

OH or



US 9,096,499 B2
33 34

-continued -contlnued

0 CH;
AN NT©
H
CN
LN
oH : or
9. A compound of the formula: M /\©
NO, 0
AN N
H or a pharmaceutically acceptable salt of any of these for-
CN mulas.
29 10. A pharmaceutical composition comprising a com-
OH pound of claim 1 and a pharmaceutically acceptable carrier.
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